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COiMPLETE SPECIFICATION 
Suspension Polymerization Process 



"We, The Dow Chemical Company^ 
Corporation organised and existing under the 



ticulate form, such agents providing a physical 
barrier between the monomeric or partially 45 



laws of the State of Delaware, United States polymerized droplets and thus tending to 
.^^ A..-4i„„^ — ^. pjg^gj^^ agglomeration. Various protective 

colloids, emulsifiers and surface active agents 
have also been proposed in the past. In all,, 
we pray that a patent may be granted to however, no way has heretofore been found 50 



of America, of Aiidland, County of Midland, 
State of Michigan, United States of America 
do hereby declare the invention for which 
e pray that a patent may be 
;, and the method by which it is to be per- 
formed, to be particularly described in and 
10 by the following statement: — 

This invention relates to the production 
of vinyl polymers and more particularly to 
improved methods for the suspension poly- 
merization of vinyl monomers to obtain 
15 superior polymeric products. 

Vinyl polymers, and particularly those ob- 
tained from vinyl aryl monomers such as 
styrene, are commonly prepared in bead or 
"pearl" form by processes in which ,the mono- 
20 mer is dispersed in a liquid medium, usually 
water, which ds a non-solvent for the mono- 
mer, polymerization taking place within the molecular weight 
suspended globules or droplets. Referred to ' " ' ' 

as suspension polymerization methods, such ^ ..„„ „..„.^„„,., 

25 procedures have the advantage of offering tofore by any method suitable for practical 
superior control of temperature, polymeri- commercial application, 
zation rate, and molecular weight of the poly- " 

iner. However, the suspension polymeriza- , ^ 

tion methods have one major drawback, arising monomers, these difficulties can be largely 

30 because the material being polymerized passes -""""i-*^-'" - 

through a sticky, viscous phase during which 
■the particles tend to coalesce or cMng to- 
gether, causing formation of aggregates with 
resultant lack of uniformity as to particle size 



protecting the suspension and controll- 
ing the polymerization that polymers of de- 
sired high molecular weight and relatively 
large but controlled particle size can be ob- 
tained. 

_ Control of the size of the beads or par- 
ticles of the polymer product is of particular 
importance, particularly when, as in the pro- 
duction of certain polystyrenes, the product 
is made foamable and ds to be used for the 
production of insulating board by continuous 
extrusion. Thus, it is highly desirable to 
obtain polystyrene in a bead size range of 
590 — ^2000 microns, with a viscosity average 
excess of 225,000 and 
„ temperature of at least 110° C. 
product 'has not been attainable here- 



35 



The invention is based on the discovery 70 
the suspension polymerization of vinyl 
:rs, these difficulties can be largely 
:ompletely overcome by employing the 
combination of a particular inorganic sus- 
pension stabilizing agent, a surface active 75 
agent which is either an anionic agent or an 
amphoteric agent having both carboxyl and 



and molecular weight of the product. Various amino functional groups, and a protective col- 



ways have been proposed for combating this 
problem, the most practical and economical 
approach being 

suspension various types of suspension aids. 



loid, the_ three suspension aids being incor- 

porated in the initial monomer suspension in 

the initial monomer particular proportions (hereinafter described), 
.,,o«=„.4„„ „:j„ and then accomplishing polymerization with 



The suspension aids most frequently pro- agitation and heat, 
posed heretofore have been relatively in- According to ,die present invention there is 

soluble inorganic suspension stabilizing agents provided a process for suspension polymeriza- 85 

su ch as tricalcium ph osphate, in finely par- tion of vinyl monomers which comprises in- 
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corporatmg in an aqueous vinyl monomer sus- dmino dipropionic acid or N-Iauryl amino pro- 
pension .1) a thixotropic paste of one or more pionic acid are typical 
inorganic findy particulate suspension stabil- TJie surface active agent, or. a. combination 
izmg agents havmg an average particle size of such agents, is employed" in an amount 
5 of 0.5 micron and^ water m a weight ratio of equal to 0.01—2.00% by weight of the total 
soJid to water of from 1:2 to 2:1, the total suspension, the narrower range, of 0.06i- 
weight of stabJizmg agent being 0.1 to 2% 1.20% being most advantageouf: 
by weight of the monomer, 2) one or more The protective colloid can': be a- salt- of 
surface active agente selected from anionic a polyacrylic acid, a gelatin, pectin, any of 
iu agents or amphoteric surface active agents the suitable starches, the alginates,- carbW 
having both carboxyl and amino functional methyl cellulose and equivalent cellulose d^- 
S V ^° polyvinylpyrrolidone. Particularly 

weight of the suspension, ,and 3) a proteaive good results are achieved with sodium poly- 
15 S if ^ amount of 0.0001 to 0.005% by acrylate. He protective colloid fe employ^ 
13 weight of the suspension, and heatme the mix- m an amount equal to 0.0001— 0.005% of 

spension weight, the narrower 
The inorganic suqiension stabilizing agent """"^ , . 

is employed in the form of a thixotropic paste 
the particles of which have an average size of 
20 0.5 micron, the paste usually being produced 
by working the inorganic, compound with- 
water in a coHoid mill, the inorganic com- 
jHiund initially having an average particle 

size of 0.5 micron and the operation of the . . 

colloid mill bemg such as to accomplish ^^^^l" operating conditions if the inorganic 
through dispersion. of the solid particles with- suspension stabilizing agent as not introduced 
out extensive particle size reduction. The m the form of a^ thixotropic paste. In the-sus- 
thixotropic paste must have a solids-to-water Pensionj the line particles of the inorganic 
ratio of 1:2— 2:1, a weight ratio of approxi- compound mtervene physically between the 
30 maitely 1:1 beingr most advantageous. The droplets of monomer and prevent the drop- 

anorgamc compound employed must be in- ^""""^ -^'---i- — — ■ •. ■• 

soluble or, substantially insoluble in the sus- 
poision medium. Thus, any substantially dn- 
soluble phosphate, of calcium, barium 
35 bpronj strontium, magnesium, aluminum, 
zinc or cadmium can be empdoyed. Other 
typioaHv suitable .compounds include the alum- 
inum silicates and fliioro-silicates, magnesium 
carbonate, magnesium oxide, talc (hydrous 
40 mapesium silicate), barium oxalate, barium 
sulfate, and calcium carbonate. Such agents 
can be used singly, or the thixotropic paste 
can- employ a combination of different agents 
such, for example, as tricalcium phosphi 



the total : 
range of 0.0001—0.0017% being 'superior." 
_ The improvements attained by the inven- 
tion depend not only upon the use of the 
three suspension aids discussed above but 
also on the nature and manner of introduc- 
tion of the morganie compound employed as 
the suspension stabilizing- agent. The de-. 
sired results^ cannot be obtained, under prac- 



45 with a lesser proportion of calcium carbonate. 
Compounds , of copper or iron are to be 
avoided. 

The thixotropic paste is employed in a 
proportion providing an amount of suspen- 

50 sion stabilizing agent or agents equal to 0.1 

2^00% of the total weight of. vmyl monomer 
employed. Advantageously, an amount of 
suspension stabilizing agent or agents equal 
to 0.25—0,75 % of the monomer weight can 
55 be employed. 

As surface active agents employed in 
accordance with, the invention, the anionic 
agents are particularly effeaive; Typically, 
we. can employ, sodium beta naphthalene, sul- 
oO fonate,_ sodium nonyl. naphthalene sulfonate, 
or sodium butyl naphthalene sulfonate. As 
amphoteric surface active agents containing 
both carboxylic and amino groups, such com- 
pounds as the partial sodium salt of N-Iauryl 



lets from directly engaging- eaefc. other and 95 
coalescmg. To be- capable- of - acting effec- 
tively in this manner, the inorganic compound 
must have a particle size which is small as 
compared to the size of the droplets, and 
the morganie particles must be uniformly dis- 100 
persed throughout the suspension- Further, 
such uniform- dispersion must-persist through- 
out at least most of the polymerization - pro- 
cedure. ^ 

We have found that, if the. inorganic sus- 105 
pension stabilizing agent is added as a- dry 
material to the suspension, successful poly^ 
merization to produce a polymer of uniform 
relatively large bead or particle size can^ 
not- be assured even if the amount of sus- 110 
pension stabilizing agent-.is increased to several 
tunes the proportions- herembefora recited; 
Further, we have d^ermined.that the- reason 
for this difficulty is that, even though the 
morgamc compound is employed with an 115 
average particle size of about 0.5 micron^ a- 
uniform dispersion in. -the. aqueous .medium; of 
the suspension cannot be- achieved, under prac- 
tical conditions. This can ,be demonstrated 
on a comparative basis by the procedure 120 
ot the foJlowmg experiment: 



A quantity of technical^ grade tricalcium 
phosphate is divided, into two equal portion, 
the average particle size in- each case be, 
mg 0.5 microns. One such portion is com- 
bined with an equal weight of water and 
subjected to the action of a CQlloid mill until 
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a thixotropic paste la employed,-, the colloid 
mill being, set so as not to aecomplish sub- 
stantial grinding of the partieles. The other 
portion of- tricaleium phosphate is employed 
5 diys 

Equal quantities of water, are introdnced 
into separate glass containers each equipped 
with a motorized rotary agitator. The thixo- 
tropic paste is added to one container and the 

10 dry quantity of trlcaldum phosphate to the 
other,, the amounts of water employed, being 
such that ttib- weight of tricalcium . phosphate 
is eq.ual to 0.5% of the weight of the water- 
in each container. Hi^ speed agitation is 

15 carried out for 1 . hour - and ;the two containers 
are then allowed-to stand for an additional 
hour without, agitation, the containers then 
being observed for any tricalcium phosphate 
which has settled. to the bottom. In the con- 

20 tainer to which the thixotropic paste was 
added, only a small amount of a very fine 
sediment will be observed. In the container 
to which the dry tricalcium piiospfaate was 
added, a distinctly larger qtmntity of settled 

25 tricalcium phosphate will be found, this, 
quantity including not just, fine particles but 
relatively large aggjomemtes^ of tricalcium 
■phosphate which were not dispersed by the 
high speed agitation. In actual polymeriza- 

30 tion runs under various typical conditions, it 
has been found that any significant agglomera.r 
tion of the inorganic «ispension stabilizing 
agent in the. suspension before completion 
of the viscous, sticky intermediate stage of 

35 the polymer will lead at least to non- 
uniformity of bead or particle size in the 
finished polymer and frequently to total failure 
of the suspension, with loss of the entire run. 
Though achieving of a dependable uniform 

40 dispersion of the inorganic stabilizing agent 
is an essential prerequisite, this factor alone 
will not- provide success in producing poly- 
mer- beads of the desked uniform^ relatively 
large size and high molecular weight. Though 

45 bodi the inorganic compound, such as tri- 
calcium phosphate, and a siirface active agent, 
such as sodium beta naphthalene sulfonate, 
contribute to establishing a good- suspension 
and preservmg the same throughout the criti- 

50 cal stages of polymerization, both such agents, 
when employed in increasing proportions, tend, 
to cause the bead or particle size of the pro- 
duct to decrease, as demonstrated by- die fol- 
lowing- experiments. 

55 Experiment 2 

A thixotropic paste was produced by com- 
bining 8 parts by weight technical grade 
tricalcium phosphate (average particle size 0'.5 
micron) and 12 parts by wei^t demineralized 

60 water and passing the mixttire twice through 
a colloid mffi. The resulting paste was com- 
bined with 1090 parts of demineralized.' water 
in a 3 litre glass reactor equipped vrith. a:- 
motorized rotary agitator- operated at 409 



r,p.ncf 1 100 parts.-by weight of styrene mono- 65 
mer was then adddd.- slowly; The suspen- 
sion, was -then .heated, to. -25 — 30°G., and 1.1 
partsrby,. weight of azo bisisobutyronitrile, 0.55 
paits of benzoyl .peroxide and 0.55' p^ts of 
tertiary butyl= peroxide, were, added. Poly- 70 
merizatbn was aecomplished- with the re- 
actor- sealed, by. heating. to -80°G. in l hom-, 
holding at 80°C. for 6 hours, heatmg to 87°C. 
in.l hour,.holding.;at that temperature for 6 
hours, heating- to 95° C. in. 1- hour, and hold- 75 
ing.at.95°C. for. 3 hours.- The suspension was 
cooled, acidified to pH I with dilute hydro- 
chloric acid, and the beads-recovered, washed, 
and dried- at -70''C. for 5 hours; The pro- 
cedure was. repeated 5 thnes with a different 80 
proportion- of. sodium beta- naphthalene sul^ 
fonate incorpomted at the time of addition 
of -the tnicalciumr .phosphate dn each run, the 
particle size of .the. product for each run be- 
ing shown by, the. following, tabulation: 85 

Sodium beta 

naphthalene Percent of polymer 

sulfonate product larger 

Ri:n ( % by wt.) than. 590 microns 

1 0.068 " 51.0 90 

2 0.248 21.8 

3 0.338. 14.5 
4* 0.430 13.0 

5 0;5M 3.4 

EXPEEIMEKT 3 95 

The procedure - of Ejcperiment 2 was re- 
peated 5- times, -but with' the sodium betai 
naphthalene sulfonate constant at 0.45% by 
weigjifand -the proportion of- tricalcium phos- 
phate varied; the results as to particle size 100 
bemgr tabulated as follovirs-: 

Tricalcium 

phosphate Percent of .polymer 

(% of product larger 

Run monomer wt.) than 590 microns 105 

6 0.364 77.8 

7 0.545 67.1 

8 0.730 13.0 

9 0.910 26.2 

10 1.090 7.8 110 

Oa the other hand; vi'e have found that the 
particle size of' the polymer can be increased, 
while stfll retaining effective proportions of 
the inorganic suspending- agent, and surface 
active agent, % incorporating; a protective 115 
colloid . as a. third, suspension aid. The fol- 
lowing Examples illustrate, the invention. 

Example 1 
The procedure of Experiment 2 was rcr 
peated;5 tnittes,,employing an amount of tri- 120 
caidum phosphate, equal, to 0.73.% of the 
weight- of styrene. m;onomer, and sodium beta 
naphthalene sulfonate equal .to 0.45% of the 
total weight- of ■ the suspensionj.imt introdoc- 
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mg a different amount of sodium polyacrylate The foregoing runs are typical for smaE 

into the suspension for each run. In each run, scale laboratory runs employed to determine 

■thp surface a«ive agent and the protective col- the effect of such variables as relative propor- 

loid were_^ added after the catalysts had been tions. The following example ds representa- 

antroduced and tiie suspension had been heated tive for runs carried out under conditions more 

1 r^, sodium pol:^acrylate being added closely approximating commercial production 

as a 15% aqueous solution. The results as runs, 
to polymer bead size are tabulated below : 



Sodium 
- polyacylate 
(%bywt.> 
0.000169 
0.000337 
0.000673 
0.001005 
0.0O134O 



Percent of polymer 

product larger 
than 590 microns 

17.8 

10.0 

33.8 

72.0 

85.2 



Example 2 
A 10-galIon glass-lined reaction vessel was 
employed, eqiiipped with a propeller agitator 
driven at 260 r.p.m. for all runs. All runs 
were carried out under an inert nitrogen 
atmosphere, and with the total charge equal 
to about 80% of reactor capacity. For each 
run, the following formulation was employed : 



40 



Ingredient 
Styrene monomer 
Demineralized water 
Azobisisobutyronitrile 
Benzoyl peroxide 
Tertiary butylperbenzoate 
Sodium polyaqrlate (1% aqueous solution) 
Tricalcium phosphate 
Sodium beta naphthalene sulfonate 



33.2 
33.2 
0.0244 
0.0121 
0.0298 
0.77 

as tabulated below 
as tabulated below 



In each run, the tricaloium phosphate was 
added in the form of a homogenized thixo- 
tropic paste^prepared as m Experiment 2, the 
paste bemg added to the water before addi- 

45 tion of the styrene monomer. In each run, the 
sodium polyacrylate and sodium beta napth- 
thalene sulfonate were added after the 
catalysts had been introduced and tiie sus- 
pension heated to 40°C. Polymerization was 

50 accomphshed in each run by heating to 85°C. 
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minutes, holdmg at 85°C. for 5 hours, 
heating to 100° G. in 30 minutes, holding at 
100°C. for 4.5 hours, heatmg to 130''C, im 
2 hoiurs, and holdmg at 100° C. for 4.5 
hours. The suspension was then acidified 
to pH 1 by addition of dilute hydrochloric 
acid, and tihe beads recovered, washed and 
dried in air at 70° C. for 5 hours. The re- 
sults as to bead size for the polymer are tabu- 
lated- below: 



Tricalcium . Sodium beta 

phosphate naphthalene sulfonate 
l( % of monomer wt.) ( % 'by wt.) 

0.502 



20 



0.650 
0.585 
0.510 
0.364 
0.328 



Percent of 
product larger 
Chan 590 m' 



0.475 
0.410 
0.292 
0.264 



91.1 
93.5 
99.2 
100.0 



For each run, the polymer had a viscosity 
70 average molecular weight of more than 
225,000 and a shrink temperature more than 
110°C. 

When "shrmk temperatures" are men- 
tioned in the foregoing examples, the shrink 

75 temperature is obtained by foaming a sample 
of the beads by hearing them in boEing water 
for 3 minutes, then recovering the fomned 
beads and determimng their hulk density, then 
dividing the foamed beads into separate 

80 samples and heating each such sample at a 
different selected temperature .in the range 
of 100— 130°C. in an air oven for 30 minutes. 
Thereafter, the beads are cooled in air to 
room temperature and . the bulk density again 



determmed. The shrink temperature is that 85 
temperature at which an appreciable change 
in bulk density of the foamed beads is ob- 
served. For example, if the separate samples 
are heated to 100°, 105°, 110°, 115°C., re- 
spectively, and no change in bulk density is 90 
observed in the samples heated to 110°C. or 
less, but a significant change is noted in the 
sample heated to 115°C., the shrink tem- 
perature is taken as 110— 115°C. 

WHAT WE CLAIM IS;— 95 
1. A process for suspension polymerization 
of vinyl monomers" which comprises mcor- 
porating in an aqueous vinyl monomer sus- 
pension 1) a thixotropic paste of one or more 



inorganic finely particulate suspension stabiliz- 
ing agents having an average particle size of 
0.5 microns and water in a weight ratio of 
solid to water of from 1:2 to 2:1, the total 
weight of stabilizing agent being 0.1 to 2% 
by weight of the monomer, 2) one or more 
surface active agents selected from anionic 
agents or amphoteric surface active agents 
having both carboxyl and amino functional 
groups, in a total amount of 0.01 to 2% by 
weight of the suspension, and 3) a protective 
colloid in an amount of 0.0001 to 0.005% by 
weight of the suspension, and heating the 
mixture to effect polymerization. 

2. A process according to claim 1 wherein 
the wei^t ratio of stabilizing agent to water 
in the thixotropic paste is 1 : 1. 

3. A process according to claim 1 or claim 
2 wherein the stabilizing agent is tricaldum 
phosphate. 

4. A process according to claim 1 or claim 



1 to 6 wherein the surface active agent is used 
in an amount of 0.06 to 1.2 per cent of the 
total weight of iJie suspension. 

8. A process according to any one of 
claims 1 to 7 wherem the anionic surface 
active agent is sodium beta naphdralene sul- 
fonate, sodium nonyl naphthalene sulfonate 
or sodium butyl naphthalene sulfonate. 

9. A process according to any one of claims 
1 to 8 wherein the amphoteric surface active 
agent is the partial sodium salt of N-lauryl 
imino dipropionic acid or N-lauryl amino pro- 
pionic acid. 

10. A process according to any one of 
claims 1 to 9 wherein the proteaive coHoid 
is used in an amount of 0.0001 to 0.0017 per 
cent of .the total weight of lie suspension. 

11. A process according to any one of 
claims 1 to 10 wherein the protective colloid 
is a salt of a polyacrylic acid. 



- . ■-. . , . , ° - .- " — ~" 12. A process accordine to claim 11 wherein 

2 wherem ixicaloium phosphate with a lesser the salt of the polyacryUc acid is sodkm S 
proportion by weight of calcium carbonate acrylate. ^ ^ 



is used as the stabilizing agents. 

5. A process according to claim 1 or claim 
2 wherein the stabilizing agent is one or 
more of the phosphates of calcium, barium, 
boron, strontium, magnesium, aluminum, 
zinc, or cadmium, an aluminum silicate or 
fiuorosilicate, magnesium carbonate, mag- 
nesium oxide, hydrous magnesium siHcate, v^yi poiymers wnenever produced by 
barium oxalate, barium sulfate or calcimn the process daiiAed in any one of the preced- 
carDonate. claims. 

BOULT, WADE & TENNANT, 
111 & 112, Hatton Garden, London, E.C.I. 
Chartered Patent Agents, 
Agents for the Applicant(s). 



acrylate. 

13. A process according to any one of the 
preceding daims wherein the vinyl monomer 
is styrene. 

14. A process for the suspension polymeri- 
zation of vinyl monomers according to claim 
1 substantiaEy as described in either one of 
the specific Examples. 

15. Vinyl polymers whenever produced by 



6. A process according to any one of claims 
1 to 5 wherein the amount of stabilizing 
agent is 0.25 to 0.75 per cent by weight of 



7. A process according to any one of claims 
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